I. INTRODUCTION
The traditional UUV usually sails at a low speed. Recently, the high-speed UUV that can sail at a speed faster than 50
Knots has attracted serious concerns. Cavitation including complex phase-change dynamics will occur when the speed is higher than the threshold, and plays a significant role in the design and operation of the UUV. It appears where the local static pressure is lower than the saturated vapor pressure and cavity shedding always happens. This may cause performance degradation, noise and vibration. However, a super-cavitation that envelop the moving body inside a continuous cavity can reduce the drag of the underwater moving body and enable it to move at a high speed. Therefore, understanding of the cavitation mechanism and the cavity generation and shedding is important for the design of high-speed UUV.
Recently, the CFD(Computational Fluid Dynamics) method is regarded as an effective method to numerically investigate the cavitating flow phenomenon [1] [2] [3] . Most of previous works are based on the homogeneous fluid approach and the relative motion between phases is neglected. The mixture density concept is introduced and a single set of mass and momentum equations is solved in this theory.
In present approach, the Euler-Euler approach is used and the phase interactions including the Schiller-Naumann [4] drag force are taken into consideration. The mass transfer between the water and vapor due to cavitation is considered by the Schnerr and Sauer model [5] . And the bubble dynamics equation is derived from the generalized Rayleigh-Plesset equation [6] . Two different turbulence models of the RNG kturbulence model [7] [8] and the large eddy simulation (LES) [9] [10] 
A. Eulerian Two-fluid model
In the Euler-Euler approach, the liquid is treated as a continuous phase q while the gas is considered as a dispersed phase p. The continuity and momentum equations for phase q can be written as:
where q α , q ρ , q u and q τ are respectively the volume fraction, density, velocity and stress tensor of th q phase, Pis the pressure, g is the gravity acceleration vector.
, drag q F represents the drag force acting on the phase q and S is the mass source term due to cavitation and will be explained in the following section. The drag force is described as follows:
where q μ is the viscosity of phase q. i A and p d are the interfacial area and the diameter of the dispersed phase. The drag function f is described using the Schiller-Naumann model [4] .
Different turbulence models are applied in this work and the turbulent viscosity for mixture, , t m μ , is computed using:
where C μ is equal to 0.09. The extra term , t p μ on the right side is included when the influence of the dispersed phase on the multiphase turbulence equations is considered. In this work, the model proposed by Sato et al. [11] has been used to take the turbulence induced by the movement of bubbles into account. The expression is:
where the model constant , 0.6
B. Schnerr and Sauer cavitation model
The Schnerr and Sauer model is used to derive an exact expression for the net mass transfer from liquid to vapor. The S in Eq. (1) is the mass transfer rate due to evaporation or condensation and can be described as:
where V P is the saturated vapor pressure and B R is the bubble radius. The bubble radius is expressed as the function of gas volume fraction and bubble number density n:
III. MODEL ASSUMPTIONS
The following assumptions are made in the present model:
1. The system under investigation only consists of a liquid and a vapor phase.
2. Only the mass transfer due to evaporation and condensation is taken into consideration.
3. The system under investigation is at an isothermal room temperature(300K).
IV. CALCULATION OF A CYLINDRICAL MODEL
The calculations were conducted by using the CFD code FLUENT. Various mesh sizes were examined to find an optimum one with the same boundary and initial conditions. Usually, the cavitation number σ is defined as:
where ref P is the reference pressure of the liquid. And U is a characteristic velocity of the flow. The non-dimensional pressure coefficient p C is defined through the local static pressure P:
The geometrical size of the cylindrical test model is shown in Fig. 2(a) and the mesh is shown in Fig. 2(b) . The velocity inlet and the pressure outlet boundary conditions are used. The wall of the test model is set as the no-slip wall boundary.
The pressure-velocity coupling is solved using the coupled scheme. The initial bubble number density is set to 1×10 13 
